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Objective: Carotid artery stenosis is a complication of neck irradiation. We describe the immediate and
long-term results of surgical treatment.
Methods: This was a retrospective single centre study. From 1996 to 2009, 24 consecutive patients who
had in the past received neck radiation therapy (mean 12 years, 1e41 years) underwent 27 primary
carotid artery revascularisation procedures. Six patients (23%) had previous radical neck dissection, three
permanent tracheostomies and one cervicoplasty with pectoral muscle ﬂap. Indications for surgery
included symptomatic (ﬁve transient ischaemic attacks (TIAs), four strokes; 34%) and asymptomatic (18
patients, 66%) stenosis. Four patients had occlusion of the contralateral carotid. General anaesthesia
without shunting was used with measurement of stump pressure. Carotid interposition bypass grafting
included 23 vein grafts and three Polytetraﬂuoroethylene (PTFE) grafts.
Results: No perioperative deaths or central neurological events occurred. Three patients suffered tran-
sient cranial nerve injuries.
Eleven patients died during follow-up, mean interval of 28 months (range 6e120 months), of causes
unrelated to surgery. Five patients had recurrent bypass stenosis with one TIA and one stroke. All other
surviving patients remained asymptomatic.
Conclusion: Despite no comparative study as evidence, we think that the perioperative risk of stroke is at
least comparable with the risk encountered for angioplasty procedures.
 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Extracranial carotid stenosis is a complication of external head
and/or neck irradiation. The safety and durability of carotid artery
revascularisation through an irradiated ﬁeld is debatable. Never-
theless, due to the relatively prolonged survival of patients who
have received radiation therapy, the frequency of this long-term
adverse effect is expected to increase.1
The chronic effects of radiation therapy lead to decreased
vascularity and increased ﬁbrosis, which in turn give rise to a risk of
tissue necrosis and ulceration. In addition, many stenoses involve
extensive segments of the carotid artery and other supra-aortic
vessels, which render surgical management more demanding.2,3
Patients and Methods
From 1996 to 2009, data were retrospectively collected for
patients who had undergone carotid revascularisation after cervicalulaire et Thoracique, CHU de
27.
gne).
ciety for Vascular Surgery. Publisheradiation therapy, in the Department of Vascular and Thoracic
Surgery (Grenoble University Hospital, France). These data included
demographics, medical condition and initial symptoms, surgical
risk factors, preoperative factors associated with past radiation
therapy, surgical details and perioperative morbidity. Preoperative
examinations included Doppler ultrasound (US) scanning and
contrast agent-enhanced arteriography or computed tomography
(CT) for all patients; and brain CT in patients with neurological
symptoms. A preoperative ear, nose and throat evaluation was
conducted for all patients to assess possible impediments to
tracheal intubation and vocal cord mobility.
Carotid surgery was indicated in patients with asymptoma-
ticcarotid stenosis>80% or symptomatic lesions>60%. The severity
of stenosis was computed using the method of the North American
Symptomatic Carotid Endarterectomy Trial (NASCET).4Operating technique
Surgery was performed with the patient under general endo-
tracheal anaesthesia. All patients received intraoperative systemicd by Elsevier Ltd. All rights reserved.
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clamping. The carotid artery was exposed through a longitudinal
neck incision anterior to the sternocleidomastoid muscle. Previous
ipsilateral neck incisions were occasionally used. Stump pressure
was measured and no shunt was used. In our department we only
use shunting if back-up pressure is <50 mmHg.5 Surgery included
carotid interposition bypass grafting (n ¼ 26) and eversion carotid
endarectomy (n ¼ 1). Flap muscle was not used for closing the
wound. Since 2007, duplex US scanning has been routinely per-
formed on completion of the operation before wound closure.
Postoperative management and follow-up examination
Patients received preoperative oral antiplatelet therapy (160 mg
aspirine started at least 10 days before the surgical intervention). At
discharge, oral antiplatelet therapy was routinely prescribed for
life. An independent neurological examination was not normally
done at this stage. Follow-up ultrasonographies were performed in
our department by the angiology team at 3 and 6 months, and then
annually. The surgical indication for symptomatic6 recurrent
stenosis was deﬁned for a reduction in vessel diameter of more
than 60%, and, for asymtomatic7 restenosis, surgery was proposed
when there was a reduction in vessel diameter >80%. Vessel
diameter was measured on the CT scan. For the purposes of this
report, the status of all survivors was updated in November 2010.
Results
Over the past 15 years, 27 primary carotid revascularisation
procedures have been performed on patients who had previously
undergone neck radiation therapy for cancer. Two types of cancer
were involved: 19 cases of laryngeal cancer and ﬁve cases of
lymphoma; the latter had been treated. The demographic charac-
teristics, comorbid medical conditions and initial symptoms in
these patients are presented in Table 1. A mean interval of 12 years
(range 1e41 years) had elapsed between radiation therapy and
carotid revascularisation. Six patients (23%) had undergone radical
neck dissection, three patients (11%) had a permanent tracheotomyTable 1
Patient demographic characteristics, medical conditions, risk factors, and symptoms.
Demographic characteristics n ¼ 24 patients %
Median Age (range) 67 (45e82 years)
Male 20 83
Female 4 16
Median interval elapsed between
radiation therapy and carotid
revascularization (range)
12 years (1e41 years)
Medical conditions n ¼ 27 arteries %
Radical neck dissection 6 23
Permanent tracheotomy 3 11
Cervicoplasty with pectoral muscle ﬂap 1 3.33
Controlateral carotid artery occlusion 4 15
Risk factors n ¼ 24 patients %
Smoking 17 70
Hypertension 22 91
Previous MI or angina 6 25
Hypercholesterolemia 15 62
Diabetes mellitus 5 21
Symptoms n ¼ 27 stenoses %
Asymptomatic high-grade stenosis 18 66
Symptomatic high-grade stenosis 9 33.33
Previous stroke 4 14.81
Hemispheric TIA 5 18.51
MI, Myocardial infarction; TIA, transient ischemic attack.and one patient had had cervicoplasty with the pectoral muscle
ﬂap. Nine patients (34%) had suffered one or more previous clini-
cally signiﬁcant strokes (n ¼ 4) or hemispheric transient ischaemic
attacks (TIAs) (n ¼ 5), implicating the territory of the treated vessel
(Table 1).
Twenty-one patients had unilateral stenosis and three patients
had bilateral stenosis. Among these 27 stenosis, the mean grade of
stenosis was 80% (70e90%). In four patients (15%), the controlateral
carotid arterywas completely occluded. Intracranial atherosclerotic
disease was not analysed in this study. All patients were operated
under general anaesthesia and without shunting. Eversion carotid
endarectomy (n ¼ 1) and carotid interposition bypass grafting
(n ¼ 26) with 23 vein grafts and three PTFE grafts were performed.
Direct closure of the surgical wound without skinplasty was always
possible.
Early outcomes
No perioperative deaths or central neurological events occurred.
Nor were there any cases of delayed wound healing or infection. In
three patients we observed hypoglossal paralysis (11.5%) and in two
patients recurrent nerve paralysis (7.7%). The diagnosis was clinical
(dysphagia and dysphonia) and was conﬁrmed by an otorhinolar-
yngologist. All cranial nerve injuries were spontaneously regressive
and did not necessitate any speciﬁc treatment. The mean length of
hospital stay was 5 days.
Late outcomes
The median clinical follow-up was 28 months (range 6e120
months).
During follow-up, 11 patients (45%) died of causes unrelated to
the treatment and no patient was lost to follow-up.
Recurrent stenosis occurred in ﬁve patients (18.5%). Three
patients were asymptomatic and two were symptomatic with one
stroke and one TIA. The case of stroke was detected 10 weeks after
surgery and was associated with a proximal anastomosic stenosis
(>70%), subsequently treated by surgery (vein graft). The transient
ischaemic attack was diagnosed retrospectively, 3 months post-
surgery, and was also associated with a proximal bypass stenosis
(>80%) corrected by redo bypass (PTFE graft).
Concerning the three cases of asymptomatic restenosis, there
were two severe asymptomatic lesions (>80%) for which we per-
formed one redo bypass for proximal anastomosis(vein graft) and
on carotid stenting procedure (Herculink stent) for a distal reste-
nosis. One patient with asymptomatic stenosis, initially estimated
at 90%, was proposed for angioplasty. During the procedure we
discovered an asymptomatic thrombosis.
We decided that surgical re-intervention should be performed
for the proximal anastomosis restenosis, as this is more accessible
for surgery. Angioplasty was reserved for the distal restenosis
which we considered more difﬁcult in redo using a surgical
approach.
All the other surviving patients remained asymptomatic and
without signiﬁcant stenosis during the follow-up.
Thus, the incidence of stroke was 4.16% (1/24) in the ﬁrst 3
months of follow-up. After this period, no further strokes were
reported.
Analysis at 12 months revealed a cumulative survival rate of 91%
(22 patients), a primary patency rate of 81.5% (22/27 carotides) and
a cumulative secondary patency rate of 96% (Fig. 1).
In our series, 11 patients died during follow-up (45%). Most
patients (six cases) died of malignancy (two cases of recurrent of
laryngeal cancer, two cases of urological cancer, one lung cancer
and one skin cancer) and not from cardiovascular events. Even the
Figure 1. KaplaneMeier survival curve following carotid artery surgery after radiation therapy of neck.
Table 2
Comparison of Surgical series and Stenting.
First author Arteries
n
Symptomatic
n (%)
Early
Stroke
n (%)
Recurent
Stenosis
n (%)
Follow-up
(months)
Surgical series
Andros2 (1996) 9 6 (67) 0 ( 0) 1 (11) 25
Rockman21 (1996) 10 4 (46) 1 (10) NA NA
Kashyap9 (1999) 26 17 (70) 0 (0) 3 (12) NA (1e156)
HassenKhodja10 (2000) 18 12 (67) 0 (0) 2 (11) 52
Friedell15 (2001) 11 5 (45) 0 (0) 1 (9) 37
Leséche11 (2003) 30 18 (60) 1 (3.3) 3 (10) 40
Cazaban12 (2003) 11 3 (27.3) 0 (0) e e
Present series (2011) 27 9 (34) 0 (0) 5 (18) 28
Stenting series
Al Mubarak17 (2000) 15 10 (66) 1 (6.6) 0 (0) 18
Houdart18 (2001) 9 6 (66) 0 (0) 0 (0) 8
Alric19 (2002) 6 2 (33) 0 (0) 0 (0) 8
Ting22 (2004) 18 13 (72) 1 (5.5) 3 (3) 30
Harrod-Kim23 (2005) 19 NA 1 (5) 5 (26) 28
Protack13 (2007) 23 11 (48) 1 (4) 11 (48) 14
Favre14 (2008) 149 51 (34) 3 (2) 27 (18) 30
Sadeck20 (2009) 28 NA NA 1 (4.5) 12
Tallarita16 (2011) 27 NA 2 (7) 5 (19) 58
J.L. Magne et al. / European Journal of Vascular and Endovascular Surgery 43 (2012) 4e76pulmonary embolism, which was the cause of death in one case,
was associated with abnormal coagulation due to the underlying
neoplasic disease. However, cardiovascular events were the second
most frequent cause of death (three cases) in correlation with the
incidence of observed risk factors. On patient died of respiratory
insufﬁciency.
Discussion
Today we see an increasing number of patients with malignant
diseases who beneﬁt from radiation therapy in the cervical area.
The same population presents associated atherosclerotic risk
factors. A direct relation has been established between the
severity of arterial lesions and the dosage and length of localised
radiotherapy.8 Nevertheless, cervical irradiation does not always
lead to carotid artery stenosis. Despite extensive research, it is still
unclear whether radiation induces atherosclerosis or simply
accelerates its formation in susceptible patients. The risk factors
for radiation-induced atherosclerosis are considered to be
a history of neck irradiation associated or not with the presence of
cardiovascular risk factors or other atherosclerotic sites. The
ﬁbrosis of vessel layers as well as atherosclerosis itself might be
involved in development of stenosed arteries in irradiated
patients.9
We have summarised the available literature and have
compared our series with the others series treated by surgery and
stenting (Table 2). Although the number of cases reported was
small, but our series was of similar size to other surgical series
described in the literature.10e13
Open carotid revascularisation following neck irradiation
predisposes patients to higher rates of complications such as
infection or delayed wound healing.10,14 Nevertheless, recent
studies have shown that open surgery can be performed safely in
selected patients who have had external neck radiation therapy.11,15
Leseche11 reported a series which included 27 patients and 30carotid stenoses treated by open surgery. In that study, no peri-
operative cranial nerve injury, delayed wound healing or infection
were documented.
In our series, three patients had had permanent tracheostomy
and one had undergone cervicoplasty with a pectoral muscular
ﬂap. The surgical dissection is technically demanding and could
give rise to cranial nerve injuries. However, this type of complica-
tion is very rare in carotid artery stenting (CAS) procedures. Cranial
nerve injury is a complication of carotid surgery, but previous
reports10 have demonstrated that the diagnosis of cranial nerve
injury is more likely to be established in prospective studies, when
it is revealed during postoperative testing.
J.L. Magne et al. / European Journal of Vascular and Endovascular Surgery 43 (2012) 4e7 7Saphenous bypass grafting of the diseased arterial segment is
our treatment of choice. We consider the saphenous vein to be the
material of choice because of its resistance to infection. Another
series on the same subject appears to show less recurrent stenosis
when synthetic bypass material is used (Table 2). Synthetic mate-
rial seems to withstand external compression better and is less
susceptible to encroachment by scarring.11
Five patients in our series developed recurrent stenosis after
saphenous vein bypass grafting. These were all detected at the ﬁrst
control in the ﬁrst 3 months of follow-up after discharge. Although
no deﬁnitive conclusions can be drawn from our limited experi-
ence, the level of restenosis we observed is in line with that of the
literature. However, the different studies are difﬁcult to compare
because they were performed on heterogenous patient pop-
ulations, with different lesions and different outcome evaluation
criteria.
No central neurological event was reported in immediate
postoperative period. The literature reports the immediate central
neurological event rate to be between 0% and 10% in surgical series
and between 0% and 7.4% for stenting series (Table 2). On the other
hand, we observed two late central neurological events (7%) asso-
ciated with bypass stenosis. Other authors have reported between
4% and 22% late central neurological events.2,14,16
The incidence of anatomical events such as thrombosis and
restenosis (18%) was high in our study group. Other series have
shown restenosis rates for carotid stenting from 0%17e19 to 48%13
and 9%15 to 12%9 for surgical series (Table 2). Carotid stenting is an
alternative to surgery, but some authors consider that the
anatomical results are not as good as those for surgical treatment.
Favre and associates reported the largest retrospective series to
date with 135 patients treated in several centres.14 Carotid
angioplasty and stenting are still at the investigational stage and
its ﬁnal role has yet to be determined. The marked amount of
periadventitial ﬁbrosis and characteristic long length of these
stenoses may limit the long-term effectiveness of this
procedure.11,20
The indication of any type of revascularisation following neck
radiation therapy remains controversial because of relatively poor
survival of these patients, including those in our series, due to
recurrent malignancy.Conclusion
On the basis of our experience, we do not consider previous
external radiation therapy to be a contraindication for open carotid
surgery. Carotid artery revascularisation through a radiated ﬁeld
can be performed with a perioperative risk of stroke and death that
is comparable with that reported in major clinical trials and other
published endarterectomy series. Despite the small number of
subjects of our series, we think that the perioperative risk of stroke
is at least comparable with the risk encountered for angioplasty
procedures.
Funding
None.
Conﬂict of Interest
The authors declare no conﬂicts of interest.Acknowledgements
We thank Dr Alison Foote (Grenoble Clinical Research Centre,
Inserm CIC3) for editing the manuscript.
References
1 Forastiere A, Koch W, Trotti A, Sidransky D. Head and neck cancer. N Engl J Med
2001;27345(26):1890e900.
2 Andros G, Schneider PA, Harris RW, Dulawa LB, Oblath RW, Salles-Cunha SX.
Management of arterial occlusive disease following radiation therapy. Car-
diovasc Surg 1996;4(2):135e42.
3 Melliére D, Becquemin JP, Berrahal D, Desgranges P, Cavillon A. Management of
radiation-induced occlusive arterial disease: a reassessment. J Cardiovasc Surg
1997;38(9):261e9.
4 North American Symptomatic Carotid Endarterectomy Trial Collaborators.
Beneﬁcial effect of carotid endarterectomy in symptomatic patients with high-
grade carotid stenosis. N Engl J Med 1991;15325(7):445e53.
5 Hays RJ, Levinson SA, Wylie EJ. Intraoperative measurement of carotid back
pressure as a guide to operative management for carotid endarterectomy.
Surgery 1972;72(6):953e60.
6 Chaturvedi S, Bruno A, Feasby T. Carotid endarterectomy e an evidence-based
review. Report of the therapeutics and technology assessment subcommittee of
the American academy of neurology. Neurology 2005;65(6):794e801.
7 Halliday A, Mansﬁeld A, Marro J. Asymptomatic carotid surgery trial (ACST)
collaborative group: prevention of disabling and fatal stroke by successful
carotid endarterectomy in patients without recent neurological symptoms:
randomised controlled trial. Lancet 2004;8363(9420):1491e502.
8 Cheng SWK, Ting ACW, Ho P, Wu LLH. Accelerated progression of carotid
stenosis in patients with previous external neck irradiation. J Vasc Surg
2004;39(2):409e15.
9 Kashyap VS, Moore WS, Quinones-Baldrich WJ. Carotid artery repair for
radiation-associated atherosclerosis is a safe and durable procedure. J Vasc Surg
1999;29(1):90e6.
10 Hassen-Khodja R, Sala F, Declemy S, Lagrange JL, Bouillane PJ, Batt M. Surgical
management of atherosclerotic carotid artery stenosis after cervical radiation
therapy. Ann Vasc Surg 2000;14(6):608e11.
11 Leseche G, Castier Y, Chataigner O, Francis F, Besnard M, Thabut G, et al. Carotid
artery revascularization through a radiated ﬁeld. J Vasc Surg
2003;38(2):244e50.
12 Cazaban S, Maïza D, Cofﬁn O, Radoux JM, Mai C, Wen HY. Surgical treatment of
recurrent carotid artery stenosis and carotid artery stenosis after neck irradi-
ation: evaluation of operative risk. Ann Vasc Surg 2003;17(4):393e400.
13 Protack CD, Bakken AM, Saad WE, Illig KA, Waldman DL, Davies MG. Radiation
arteritis: a contraindication to carotid stenting? J Vasc Surg 2007;45(1):110e7.
14 Favre JP, Nourissat A, Duprey A, Nourissat G, Albertini JN, Becquemin JP.
Association Universitaire de Recherche en Chirurgie Vasculaire. Endovascular
treatment for carotid artery stenosis after neck irradiation. J Vasc Surg
2008;48(4):852e8.
15 Friedell ML, Joseph BP, Cohen MJ, Horowitz JD. Surgery for carotid artery
stenosis following neck irradiation. Ann Vasc Surg 2001;15(1):13e8.
16 Tallarita T, Oderich GS, Lanzino G, Cloft H, Kallmes D, Bower TC, et al. Outcomes
of carotid artery stenting versus historical surgical controls for radiation-
induced carotid stenosis. J Vasc Surg 2011 Mar;53(3):629e36.
17 Al-Mubarak N, Roubin GS, Iyer SS, Gomez CR, Liu MW, Vitek JJ. Carotid stenting
for severe radiation-induced extracranial carotid artery occlusive disease.
J Endovasc Ther 2000;7(1):36e40.
18 Houdart E, Mounayer C, Chapot R, Saint-Maurice JP, Merland JJ. Carotid stenting
for radiation-induced stenoses: a report of 7 cases. Stroke 2001;32(1):118e21.
19 Alric P, Branchereau P, Berthet JP, Mary H, Marty-Ané C. Carotid artery stenting
for stenosis following revascularization or cervical irradiation. J Endovasc Ther
2002;9(1):14e9.
20 Sadek M, Cayne NS, Shin HJ, Turnbull IC, Marin ML, Faries PL. Safety and efﬁcacy
of carotid angioplasty and stenting for radiation-associated carotid artery
stenosis. J Vasc Surg 2009;50(6):1308e13.
21 Rockman CB, Riles TS, Fisher FS, Adelman MA, Lamparello PJ. The surgical
management of carotid artery stenosis in patients with previous neck irradia-
tion. Am J Surg 1996;172(2):191e5.
22 Ting AC, Cheng SW, Yeung KM, Cheng P, Lui W, Ho P, et al. Carotid stenting for
radiation-induced extracranial carotid artery occlusive disease: efﬁcacy and
midterm outcomes. J Endovasc Ther 2004;11(1):53e9.
23 Harrod-Kim P, Kadkhodayan Y, Derdeyn CP, Cross III DWT, Moran CJ. Outcomes
of carotid angioplasty and stenting for radiation associated stenosis. Am J
Neuroradiol 2005;26(7):1781e8.
